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Introduction
Over the past four decades, advances in the technology of transportation and communication have enabled an unprecedented international fragmentation of production (see Noguera, 2012, 2017) . Production processes are spread across countries in a manner that reflects a trade-off between a foreign cost advantage for certain slices of the value added chain and the additional cost arising from 'slicing-up' the value chain. There is a large economic literature analyzing this trade-off using models inspired by established trade theory (see, e.g., Jones, 2000; Grossman and Rossi-Hansberg, 2008; Feenstra, 2010; Baldwin and RobertNicoud, 2014) . Although these models have undoubtedly contributed to our understanding of the phenomenon of offshoring, they are typically built upon a simplifying assumption of deterministic outcomes. This assumption sits somewhat uncomfortably with recent empirical evidence showing that firms in a globalized world are increasingly exposed to uncertainty (see, e.g., Bloom, 2009; Baker et al., 2016) . Accordingly, risk considerations should be a core element in firms' strategies of global sourcing. The aim of this paper is to enhance our understanding of offshoring decisions under uncertainty, both from a theoretical and an empirical perspective.
We develop a theoretical model in which final good producers decide whether to source intermediate inputs from domestic or foreign suppliers against the backdrop of demand or cost uncertainty. The key novel feature of this model is that firms choose whether to deal with their suppliers under a flexible or a rigid contractual arrangement. A flexible contract allows final good producers to determine a state-contingent quantity of intermediate inputs, but is associated with an additional cost from adjustment to the state of demand for the final good or the supplier's productivity. One can think of this cost as expenses needed for hiring additional employees in a 'good' state, or severance payments to laid-off workers in a 'bad' state. A rigid contract avoids the labor adjustment cost by stipulating a fixed quantity of intermediate inputs in the ex-ante agreement, but precludes the optimal adjustment to the state of nature. The optimal choice between a rigid and a flexible contract naturally depends on the rigidity of the labor market in the supplier's country, which determines the magnitude of the labor adjustment cost to the state of demand or productivity. Furthermore, this choice depends on the degree of volatility, measured by the difference between the 'good' and the 'bad' state.
We characterize the optimal sourcing strategies of firms that differ with respect to their productivities and operate in industries with varying degrees of volatility. Firms self-select into different sourcing destinations (domestic versus foreign) and contractual arrangements (rigid versus flexible). We show that under plausible conditions only the most productive firms are able to cover the cost associated with international fragmentation of production that comes with exploiting the foreign cost advantage. Moreover, among the firms that engage in offshoring only the most productive ones are willing to incur the labor adjustment cost that comes with flexible contracting, whereas less productive firms choose a rigid contract in order to govern production of inputs.
We use this model to study how a variation in the foreign country's labor market rigidity affects the offshoring intensity of an industry, defined as the share of imported inputs in the overall (i.e., foreign and domestic) input purchases. The model delivers the following two testable predictions: First, ceteris paribus, an increase in the rigidity of a foreign country's labor market decreases the offshoring intensity of any industry. Intuitively, as foreign labor market rigidity increases, offshoring firms engaged in flexible contracting experience a loss in expected profits. Moreover, some firms that have previously sourced their inputs under flexible agreements now enter a rigid contract. In the presence of uncertainty, these firms also experience a loss in expected profits, compared to the situation before the change, which in turn prompts them to reduce their foreign sourcing.
The second testable prediction suggests that the negative effect of foreign labor market rigidity on the offshoring intensity becomes stronger as the industry's volatility increases.
The intuition behind this prediction is that the relative advantage of flexible versus rigid contracts weighs more heavily in volatile industries. Hence, if the foreign labor market rigidity increases, the aforementioned decrease in expected profits is more pronounced in volatile industries, and firms' reactions in terms of a reduced amount of imported inputs is particularly strong. To sum up, our model predicts a negative direct effect of a foreign country's labor market rigidity on the offshoring intensity in any given industry, and it predicts that this effect is amplified in industries with a high degree of volatility. Importantly, we show that these predictions hold regardless of whether we model uncertainty on the side of the final goods producer (state of demand) or on the side of the supplier (cost conditions).
In the empirical part of the paper, we test our theoretical predictions using U.S. industrylevel panel data. The measure of U.S. offshoring intensity is drawn from Antràs (2015) who calculates it as the share of spending on imported inputs over total input purchases in a particular industry. This measure is available on a yearly basis for 253 manufacturing sectors (according to IO2002 industry classification) and 232 foreign countries for the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] . We complement these data with a country-level measure of labor market rigidity drawn from the World Bank's Doing Business database.
1 This measure combines the difficulty of 1 Since the seminal contribution by Cuñat and Melitz (2012) , this measure has been frequently used in the literature as a proxy for labor market rigidity vs. flexibility, see Nunn and Trefler (2014) .
hiring or firing a worker and the restrictions on expanding or contracting the number of working hours into a single score based on the methodology developed by Botero et al. (2004) . It is available on a yearly basis for 180 countries during the period 2004-2009. Importantly, this measure exhibits sufficient variation over time in order to study the effect of changes in foreign labor market rigidity on offshoring intensity, while fully controlling for time-invariant country-level factors via country fixed effects (FE) . To test our second key prediction, we use an industry-level proxy for volatility, drawn from Antràs (2015) and computed following the methodology by Cuñat and Melitz (2012) as the standard deviation of the annual growth rate of firm sales in the 1980-2004 Compustat data.
Our empirical analysis proceeds in two steps. In the first step, we explore the direct relationship between the variation in foreign labor market rigidity and the U.S. offshoring intensity. When doing so, we fully control for heterogeneity across countries and industries with respect to time-invariant factors through country and industry fixed effects. In the most stringent specifications, we further account for time-specific industry shocks and allow for a differential impact of the foreign country's factors across industries via industry/year and country/industry fixed effects, respectively. Controlling for all of these fixed effects as well as a range of time-varying country-specific factors, we find a negative and significant association between foreign countries' labor market rigidity and the U.S. offshoring intensity.
This finding is consistent with the first of our two theoretical predictions mentioned above.
In the second step, we explore how the interaction between labor market rigidity and industry volatility plays out in determining the U.S. offshoring intensity. The fact that the explanatory variable now varies by country/industry/year allows us to control even more effectively for potential confounding factors using suitable fixed effects. Most importantly, by including country/year fixed effects, we account for all time-varying country-specific factors that might confounded the relationship between labor market rigidity and offshoring intensity in the first step of our empirical analysis. Controlling for a host of fixed effects and a range of country/industry/year-specific factors, we find a negative and significant interaction effect of labor market rigidity and industry volatility on the U.S. offshoring intensity. This effect is robust to correcting for potential sample selection bias by estimating a two-stage selection model along the lines of Heckman (1979) . Following Levchenko (2007) , we further allow for a differential impact of foreign countries' economic development across U.S. industries by adding a full set of interaction terms for the foreign country's GDP per capita with industry dummies. Throughout all specifications, we find strong empirical support for the second theoretical prediction stating that the negative effect of foreign labor market rigidity on offshoring intensity is more pronounced in industries with high volatility.
This paper relates to several recent strands of the literature. Our theoretical model builds on the offshoring framework developed by Antràs (2015) which features productivity-based self-selection of firms into domestic versus foreign sourcing. We extend this framework to include (demand and supply) uncertainty, thereby highlighting the trade-off between rigid and flexible contracting in dealing with this uncertainty. This allows us to derive novel testable predictions regarding the effect of foreign labor market rigidity and its interaction with industry volatility on the U.S. offshoring intensity. In so doing, we also relate to the work by Cuñat and Melitz (2012) who study the interaction effect between labor market flexibility and industry volatility on a country's comparative advantage. Extending a Ricardian model of trade with the notion of uncertainty, Cuñat and Melitz (2012) show that countries with more flexible labor markets specialize in sectors with higher volatility and export final goods from those sectors. We complement their findings by showing how the interaction between labor market rigidity and industry volatility affects the attractiveness of a country as an offshoring destination for intermediate input production.
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To the best of our knowledge, the only two theoretical contributions which consider offshoring under uncertainty are Bergin et al. (2011) and Benz et al. (2018) . Both papers focus on the effect of offshoring on employment volatility. More specifically, Bergin et al. (2011) develop a stochastic model to explain the so-called 'offshoring volatility puzzle': maquiladora industries in Mexico exhibit larger employment volatility than the corresponding industries in the U.S., although Mexico has a more rigid labor market compared to the U.S., see Bergin et al. (2009) . In their model, offshoring acts as transmission channel through which domestic booms or recessions are amplified in a foreign destination. Benz et al. (2018) develop a framework of intertemporal optimization to study how offshoring affects hiring and firing decisions of firms and, thus, employment volatility in the sourcing and the source country.
The current paper differs from these contributions both in terms of focus and the underlying approach. Our aim is to better understand the role of labor market institutions on firms'
offshoring decisions under uncertainty. In our framework, offshoring per se does not affect a firm's (employment) volatility. It is the combination of a foreign country's labor market rigidity and sector-specific exposure to uncertainty that drives firms' offshoring decisions and affects the variation in firm-level outcomes.
We further relate to the empirical literature which studies the role of (labor market) institutions in international transactions. In particular, Cuñat and Melitz (2012) provide empirical support for their key theoretical prediction: The exports of countries with more
The role of uncertainty in international trade has been also analyzed by Albornoz et al. (2012 ), Carballo (2015 , Limão (2015, 2017) , Nguyen (2012) , Segura-Cayuela and Vilarrubia (2008) . In contrast to these contributions, we focus on offshoring relationships.
flexible labor markets are biased towards high-volatility sectors. This empirical regularity has subsequently been corroborated by Chor (2010) and Nunn and Trefler (2014) . Consistent with our findings, Antràs (2015) reports a positive interaction between labor market flexibility from the year 2004 and industry volatility in determining the U.S. offshoring intensity. However, this interaction effect cannot be interpreted, in and of itself, without knowing whether the direct effect of labor market flexibility is positive or negative. To this end, we first thoroughly investigate the direct relationship between labor market rigidity and the U.S. offshoring intensity before turning to the interaction effect of labor market rigidity and industry volatility. An important feature which distinguishes our empirical analysis from
Antràs (2015) is that we exploit the time variation of labor market rigidity index in a panel (rather than pooled OLS) setting. This approach allows us to identify the interaction effect of labor market rigidity and industry volatility on U.S. offshoring intensity, while controlling for potential country/year-specific confounding factors using fixed effects.
The remainder of the paper is structured as follows. Section 2 lays out the theoretical model of demand and supply uncertainty, discusses the equilibrium, and derives testable predictions. Section 3 brings these predictions to the data. Section 4 concludes.
Theoretical model
In this section, we propose a theoretical model of offshoring under uncertainty. In our framework, firms face uncertainty regarding the demand for their final goods or the supply (cost) of intermediate inputs. To develop our argument in the simplest possible manner, we examine the two types of uncertainty one at a time, starting with demand uncertainty in section 2.1, followed by supply uncertainty in section 2.2.
Demand uncertainty

Baseline set-up
Our point of departure is the canonical framework of offshoring presented in Chapter 2 of Antràs (2015) . The domestic economy hosts several symmetric industries, each composed of firms producing differentiated varieties of a final good under monopolistic competition. For ease of notation, we abstain from indexing industries and focus on a single sector. Production of final goods involves two parties: the firm's headquarters, H, and a manufacturing supplier, M .
3 The headquarter provides headquarter services, h, while the supplier produces
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The manufacturing supplier may be either integrated into H's boundaries or act as an independent subcontractor. Since organization of firms does not lie in the focus of our analysis, we abstract from manufacturing components, m. The firm then combines both inputs to produce an output level x according to a Cobb-Douglas production function:
where θ ∈ (0, ∞) represents the firm's productivity and η ∈ (0, 1) is an industry-specific parameter capturing the relative importance of headquarter services in the production process, henceforth called the headquarter intensity. Each of the two inputs is produced under constant returns to scale using labor as the only factor of production.
By assumption, headquarters are always located in the domestic economy, while manufacturing inputs can be provided by domestic or foreign suppliers. In the former case we speak of domestic (d) sourcing, while the latter case is referred to as offshoring (o). Since our subsequent empirical analysis is focused on the U.S., we refer to the domestic economy as the U.S. In our baseline model, we consider a single foreign economy. For simplicity, we normalize the unit labor input requirement for domestic production of h to unity and let denote the amount of labor needed to produce one unit of m, assumed to be the same in the domestic and foreign country. We normalize the domestic wage rate to unity and use w to denote the foreign wage rate relevant for offshore production of m. Throughout the analysis, we assume a foreign wage advantage, i.e., w < 1. However, in case H decides to source manufacturing inputs from a foreign supplier, this involves iceberg-type trade cost, τ > 1. Moreover, offshoring of manufacturing production to a foreign destination entails additional fixed cost, incurred by H in terms of domestic labor. Denoting the fixed cost of m-production by F z , z ∈ {d, o}, we have
Assuming constant elasticity of substitution (CES) preferences, the revenue from selling a quantity x of a representative variety of the final good may be written as
where σ > 1 denotes the elasticity of substitution between any two differentiated varieties and A := βEP σ−1 is a demand shifter, where β ≤ 1 represents the fraction of consumers'
total expenditures E falling on differentiated varieties of the sector considered, and P is this sector's CES price index (taken as given by profit maximizing firms), see Antràs (2015) .
We depart from Antràs (2015) and the vast majority of the offshoring literature by allowing for uncertainty. In our baseline model, headquarters face uncertainty about the modeling the "make-or-buy" decision. after the state of demand s ∈ {G, B} is revealed. As will become clear below, H optimally chooses a high (low) amount of the manufacturing inputs in the good (bad) state of the world. To be able to promptly react at the headquarter's request after the state of nature is revealed, the supplier has to incur a cost of labor adjustment. We assume that these cost have a fixed and a variable component. One can think of the fixed labor adjustment cost, F az ≥ 0, as the overhead expenses needed to launch and maintain a hiring process involving high employment in the good state of the world and low employment in the bad state. The variable component reflects the fact that workers hired on a short-term notice may claim additional compensation, whereas laid-off workers might demand severance payments. To keep the analysis simple, we assume symmetry in the labor adjustment cost between states and let α z ≥ 1 denote the (ad valorem) price premium that H needs to pay M for the latter to be willing to enter a flexible contract. Plausibly, the more flexible the labor market in the supplier's country, the lower the labor adjustment cost, reflected in lower F az and α z . Given that the U.S. has one of the most flexible labor markets in the world (see below), we assume F ad < F ao and α d < α o . For simplicity, we normalize F ad = 0 and simplify the notation by setting F ao := F a > 0. Moreover, we normalize α d = 1 and simplify by setting α o := α > 1.
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As mentioned above, the case of supply (cost) uncertainty is developed in section 2.2.
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According to Knight (1921) , the notion of risk differs from uncertainty in that the probability of a shock can be quantified in the former case. Throughout the paper, we use the two concepts interchangeably. We make this assumption to focus on the novel feature of decision-making under uncertainty and abstract from the well-known hold-up inefficiencies that arise in an environment of contractual incompleteness.
In both countries, there is a large pool of potential suppliers with zero outside options. To secure participation of a supplier in a rigid contract, M must be compensated by a per-unit payment p c z , which is equal to a supplier's variable production cost: 
We assume throughout that the effective unit cost of manufacturing inputs are lower under offshoring, i.e., τ w < 1. In addition, to ensure a foreign supplier's participation under a flexible agreement, H pays a premium on the per-unit price (α > 1) and compensates for the fixed labor adjustment cost, F a .
There are two stages of decision making. We refer to t 1 as the (ex-ante) period when decisions have to be made while the state of nature is still uncertain, while t 3 refers to the (ex-post) period when the state of nature is known. The sequencing of decisions is as follows:
The headquarter decides about the location of sourcing, z, and incurs the fixed cost 7 Finally, given optimal input quantities, production of the final good takes place in line with equation (1) and revenue is generated according to equation (2).
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Even though H chooses a state-specific amount of h under either contractual form, these amounts depend on whether M operates under a rigid or a flexible contract. For this reason, we distinguish h with a superscript c ∈ {r, f }.
In what follows, we solve for the equilibrium using backward induction.
Equilibrium
Domestic sourcing. We begin our analysis by studying domestic sourcing, z = d. Consider first the case of a flexible contract. A flexible agreement effectively allows H to simultaneously choose the levels of both inputs conditional on the state of demand s ∈ {G, B}.
The corresponding maximization problem reads as
where R s is given by equation (2), and denotes the per-unit price of the domestically sourced manufacturing input, as specified in equation (3). The solution to this problem determines the state-contingent quantity m f ds stipulated in the flexible contract in t 1 , as well as the corresponding h f ds chosen by H in t 3 . Using equations (1) and (2), these quantities and the associated state-dependent revenue can be derived as:
In these expressions Θ := θ σ−1 captures the firm's productivity level, while the terms Γ := (σ−1) σ−1 σ σ > 0 and γ := (1 − η)(σ − 1) > 0 are introduced for notational simplicity. Since A G > A B , the optimal amounts of both inputs are higher in the good state of demand than in the bad state. Plugging equation (5) into (4), we obtain the state-specific maximum profit from domestic sourcing under a flexible contract:
Hence, the expected profit from domestic sourcing under a flexible contract is given by
Next, consider a rigid contract. In t 3 , H chooses the amount of h that maximizes
conditional on the quantity m r d chosen in period t 1 , which enters R s according to equations (1) and (2). Note that the cost of the manufacturing input, while affecting profits, is irrelevant for optimization in t 3 . The optimal quantity of h chosen in t 3 and the associated revenue read as
In state s, H receives the following revenue net (n) of the cost of headquarter services (henceforth, net revenue):
Expected net revenue from a rigid contract may be written as
where R r ds is given by the second expression in equation (9). In t 1 , H stipulates the fixed amount of m so as to maximize the expected net revenue:
where we have again used equation (3) above. Using equations (9) and (11), this optimization problem can be solved to obtain the profit-maximizing fixed quantity of m under a rigid contract:
Inserting for m r d in the expression for R r ds in equation (9), and substituting this expression back into (11), we get
Plugging equations (13) and (14) into equation (12), we finally arrive at the expected maximum profit from domestic sourcing under a rigid contract:
Completing backward induction, we can now state that risk-neutral headquarters engaged in domestic sourcing will choose a flexible contract if and only if
). Using equations (7) and (15), this condition can be written as Appendix A.1 also demonstrates that J is increasing in v, which means that the advantage of flexible contracting increases in the degree of volatility in a given sector. These results are summarized in
Proof. See Appendix A.1.
Bearing in mind that the labor adjustment cost in the domestic economy were assumed to be negligible, Lemma 1 implies that all firms engaged in domestic sourcing prefer flexible over rigid contracts.
Offshoring. The case of offshoring can be solved by analogy to domestic sourcing, using the per-unit price p 
inputs sourced from a foreign supplier under a rigid contract reads as follows:
The expected maximum profit from offshoring under a flexible contract is given by:
whereas the expected maximum profit under a rigid contract can be derived as:
Comparing equations (19) and (20), the choice between flexible and rigid contracts under offshoring involves the following trade-off. On the one hand, since J > 1, a flexible agreement entails a gain in operating profits due to the ability to adjust to the realized state of demand (see Lemma 1). On the other hand, the labor adjustment cost associated with flexible contracting lead to a loss in firm profits (recall that Λ < 1 and F a > 0). To allow for the coexistence of flexible and rigid contracting in equilibrium and to generate a non-trivial trade-off between domestic sourcing and offshoring, we make the following assumption: (7), (19) and (20), one can easily derive these equilibrium productivity cutoffs:
8 This completes the description of a firm's choice between domestic and foreign sourcing.
Given that our empirical analysis of the determinants of offshoring is conducted using industry data, the following section derives testable industry-level predictions regarding the effect of the foreign country's labor market rigidity and its interaction with the sectoral volatility on the propensity of firms to source inputs from that country.
Testable predictions
Let Φ(θ) denote the distribution function for firm productivity. Definingm
zB , we can then express the share of imported input purchases in a given industry as
where We follow a large part of the heterogenous firm literature in assuming that productivities are distributed Pareto (see Antràs, 2015; Melitz and Redding, 2014) :
where θ min is the lower bound of the support and κ is a shape parameter of the productivity distribution. Utilizing (23) in (22) and simplifying the resulting expression we obtain
where J is given by equation (16) and the productivity cutoffs are given by equation (21).
Using equation (24), one can investigate the effect of an increase in labor market rigidity (measured by an increase in α and/or F a ) on the offshoring intensity. We derive the following Proof. See Appendix A.2.
The intuition behind this proposition can be obtained using Figure 1 . Consider first the case of an increase in α, which leads to a clock-wise pivot of the E(π f o )-line and has a two-fold effect on the offshoring intensity. First, since firms engaged in offshoring under a flexible contract must compensate their suppliers with a higher price, they expect lower operating profits and reduce the state-contingent quantities m f os , s ∈ {G, B}, stipulated in the ex-ante contract. Second, some offshoring firms that have previously chosen flexible contracting now switch to a rigid contract. Since, in the presence of uncertainty, those firms also suffer a loss in expected operating profits (as compared to the situation before an increase in α), they choose lower import quantities. As a result of both effects, the offshoring intensity decreases.
In Figure 1 , a higher F a leads to a downward shift of the E(π r o )-line, which works in a way similar to the second of the above-mentioned effects of α. More specifically, it induces some of the offshoring firms previously engaged in flexible contracting to enter a rigid contract.
Since these firms also suffer a loss in expected operating profits, they stipulate lower input quantities, thereby decreasing the offshoring intensity.
We further show that the foreign country's labor market rigidity has a differential impact on U.S. offshoring intensity depending on the industry's volatility, as summarized in the following Proposition 2. Under Assumption 1, ∂ 2 Y ∂Fa∂v < 0 and ∂ 2 Y ∂Fa∂α < 0; the negative effect of foreign labor market rigidity on the U.S. offshoring intensity is more pronounced the higher an industry's volatility.
Proof. See Appendix A.2.
The intuition behind this proposition builds on Lemma 1, which asserts that the advantage of flexible contracting increases in the degree of volatility. Hence, the decrease in offshoring intensity caused by an increase in labor market rigidity (see Proposition 1) is particularly pronounced in highly volatile industries. To sum up, our model predicts a negative direct effect of the foreign country's labor market rigidity and a negative interaction between foreign labor market rigidity and an industry's volatility in their impact on the U.S. offshoring intensity. Before bringing these two predictions to the data, we briefly discuss the case of supply uncertainty to show that our two key propositions continue to hold under this alternative type of uncertainty.
Supply uncertainty
In this section, we provide an alternative version of our model with supply (rather than demand) uncertainty. More specifically, we now consider the risk associated with the production of manufacturing inputs m. As before, there are two states of nature, s ∈ {G, B}, which are verifiable by the courts. In the good (bad) state, a producer's unit labor requirement is G ( B , respectively) , B > G , where g ∈ (0, 1) denotes the probability of a good state. For simplicity, we assume the same g, G , and B for both domestic and foreign suppliers in a given industry, but we allow for differences in volatility across industries.
The timing is as in Section 2.1.1. A rigid contractual arrangement means that in t 1 parties stipulate a fixed quantity m r z of manufacturing components to be delivered for a fixed price p r z in t 3 . From H's perspective, such a contract effectively removes all uncertainty, hence the input h r z chosen in t 3 does not depend on s. In contrast, a flexible contract specifies a state-contingent amount and price of the manufacturing input chosen in t 1 , m f zs and p f zs . The headquarter input chosen in t 3 , h f zs also depends on the state s. The per-unit price of m under the two contractual types is given by:
That is, a risk-neutral supplier from z = d, o is willing to accept a rigid contract if the price offered by H is equal to her expected unit cost. 9 Under a flexible agreement, parties stipulate a state-contingent price which depends on the ex-post realization of a supplier's productivity level. As before, to secure a foreign supplier's participation under a flexible contract, H has to compensate M 's variable and fixed labor adjustment cost, which is reflected in α > 1 and F a > 0. As in Section 2.1.1, we use backward induction to solve for the equilibrium.
We show in Appendix A.3 that this setup leads to the following set of expressions for maximum profits:
To avoid cluttered notation, we use the same symbols to denote profits in the case of supply uncertainty as in the case of demand uncertainty considered in Section 2.1. Notice that, in contrast to the case of demand uncertainty, a rigid contract now effectively eliminates all uncertainty as far as H is concerned. In a rigid contract, once the price is set to p r z , all risk is shifted to the supplier who, in turn, is assumed to hedge against this risk.
Comparing the two types of contacting, it is obvious that all firms sourcing domestically will choose a flexible contract. Indeed, redefining the term J as
and the volatility measure as v := ( B − G )/ B , it is straightforward to verify that a statement completely analogous to Lemma 1 also obtains for supply uncertainty. More specifically, one can show that (i) J > 1 for all G < B and g ∈ (0; 1), i.e., for v > 0, and (ii) J is monotonically increasing in v. The underlying assumption here is that a perfect insurance market allows the supplier to hedge against the risk involved in accepting such a contract. Specifically, a domestic supplier is assumed to be able to buy m r z units of an asset paying out B − p r z in the bad state, and sell the same amount of an asset which pays out p r z − G in the good state. With probabilities g and 1 − g for the good and the bad state, a perfect insurance market implies that the payments for the first type of transaction is equal to the revenues from the second. A similar argument is invoked for foreign suppliers. most productive firms engage in offshoring. Among the offshoring firms, the least productive ones source inputs under a rigid contract, while the most productive ones engage in flexible contracting.
The relative propensity of offshoring under supply uncertainty can be defined as:
where pm 
Empirical implementation
Econometric Specifications
We bring our theoretical predictions to the data in a two-step approach. In the first step, we test our Proposition 1 by examining the relationship between a country's labor market rigidity and the intensity of U.S. offshoring to that country, using panel data. In the second step, we examine Proposition 2 by analyzing how this relationship depends on an industry's degree of volatility.
To examine the effect of foreign labor market rigidity on U.S. offshoring intensity, we estimate the following regression equation:
where Y lit measures the propensity of U.S. firms in industry i and year t to source manufacturing inputs from a foreign country l; φ is a vector of fixed effects (FE) which may vary by specification and will be characterized below; X lt is a vector of time-varying country-level controls, and ε lit is an error term. Our key explanatory variable in this specification is the rigidity of country l's labor market institutions in year t. Based on Proposition 1, we expect a negative effect of the foreign country's labor market rigidity on the U.S. offshoring propensity, reflected in an estimateβ < 0.
We consider several variants of equation (32). In our baseline specification, the vector φ contains dummies for countries (φ l ), industries (φ i ), and years (φ t ). Country FE φ l control for all time-invariant country-specific characteristics, such as geography (e.g., geographic distance, time difference, etc.), history (e.g., legal origin), as well as country-level factors that are relatively stable over time (e.g., institutions and culture). Industry FE φ i account for relevant characteristics of the goods produced in a given sector, such as relationshipspecificity, contractibility, etc. Year FE φ t control for time-specific shocks (e.g., financial crisis). In alternative specifications, we also consider different combinations of fixed effects, including country/industry FE φ li . These FE fully control for all effects of time-invariant country-specific factors across industry characteristics, which may potentially confound the effect of labor market rigidity (see, e.g., Chor, 2010; Eppinger and Kukharskyy, 2017; Nunn and Trefler, 2014 ).
In the second step, we investigate the differential effect of labor market rigidity across U.S. industries that differ in their volatility. To test our second key prediction, we estimate the following equation:
where volatility i captures the volatility of industry i; ϕ is a vector of fixed effects which may vary by specification; χ lit is a vector of industry-country-year controls; and lit is an error term. Based on our Proposition 2, we expect a negative effect of the interaction between an industry's volatility and a country's labor market rigidity, reflected inγ < 0. The fact that the key explanatory variable in this specification varies by country-industry-year, allows us to include country-year FE to control for all time-varying country-specific factors that might otherwise confound the role of labor market rigidity in equation (32).
An important issue in econometric models such as equations (32) and (33) is a possible selection bias. While our theoretical model focuses on the intensive margin of offshoring (i.e., the value of inputs sourced from a foreign destination relative to the total value of domestic and foreign sourcing), one might be concerned that the extensive offshoring margin (i.e., whether to offshore to a given foreign destination in the first place), too, is a function of a foreign country's labor market rigidity or it's interaction with an industry's volatility.
To correct for the potential sample selection bias, we estimate a two-stage selection model along the lines of Heckman (1979) , to be described at length further below.
Data Sources
The proxy for the U.S. offshoring intensity, Y lit is drawn from Antràs (2015) who computes it as the ratio of U.S. imports from country l in industry i and year t to total U.S. absorption.
The latter is defined as the sum of shipments by U.S. producers in industry i plus U.S.
imports minus U.S. exports in that industry. and 100 (rigid labor market). For expositional purposes, we rescale them to a unit interval and present them in Table B .1 in Appendix B. As can be seen from this table, the U.S.
has the third-lowest average labor market rigidity, with lower values observed only for Hong Kong and Singapore. Summary statistics for the main estimation sample are provided in Table B .3.
The proxy for volatility i of industry i is drawn from Antràs (2015) who computes it following the methodology of Cuñat and Melitz (2012) . The measure is constructed as the employment-weighted standard deviation of the annual growth rate of firm sales in the 1980-2004 Compustat sample and is available for all manufacturing sectors (according to the IO2002 industry specification) for which we have information on the offshoring intensity (see above). Table B .2 in Appendix B presents the ten industries with the lowest and highest value of this index, respectively. As can be seen from this Table, the industry-level volatility 11 U.S. import and export data stem from the U.S. Census, and information on total shipments is drawn from the NBER-CES Manufacturing database (for 2000-09) and the Annual Survey of Manufacturing (for 2010-11), see Antràs (2015) for the details on the construction of this measure.
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Following the seminal contribution by Cuñat and Melitz (2012) , the inverse of this index has been widely used in the international economics literature as a proxy for labor market flexibility, see, e.g., Antràs (2015) , Chor (2010) , and Nunn and Trefler (2014) . The yearly country scores, along with a more detailed description of their collection, are available online at http://www.doingbusiness.org/ reports/global-reports/doing-business-2004.
13
The World bank stopped reporting the index of labor market rigidity from 2010 onwards.
varies between 0.0838 (Frozen food manufacturing) and 0.4155 (Computer storage device manufacturing). Our model defines volatility as the difference between a high and a low value of a demand shifter (demand uncertainty) or, alternatively, of an input cost shifter (supply uncertainty). Both types of volatility are inherently unobservable. However, in the model, both affect offshoring in the same way, qualitatively, through their impact on firm revenues (see equations (5) and (A.3)). For this reason, we measure volatility using variation in firm sales.
Our baseline vector of time-varying country-level controls, X lt , includes the following six covariates: To account for the foreign country's market size, we control for the log of the country's real GDP in a given year, lnGDP lt , as reported in the Penn World Tables (version   8 .1, see Feenstra et al. (2013) ). We further include the log of GDP per capita, ln(GDPpc) lt , taken from the Penn World Tables, as a To ensure that the effect of labor market institutions is not confounded by a country's physical and human capital abundance, we draw the following two controls from the Penn
World Tables: log of physical capital stock per capita, ln(K/L) lt , and human capital stock, H lt , calculated as the average years of schooling (see Barro and Lee, 1996) . In the robustness checks, we consider further country-level controls introduced below.
The vector of industry-level characteristics, denoted by χ lit in equation (33), is drawn from Antràs (2015) . Since the suitability of these proxies and their construction has been discussed at length in the original source, their introduction in the current paper is deliberately brief: specificity i captures the degree of relationship-specificity of goods produced in industry i and is measured as the fraction of an industry's products that are neither reference-priced nor traded on an organized exchange according to Rauch's (1999) 'liberal' classification; dependence i is the measure of industry dependence on external finance introduced by Rajan and Zingales (1998) and computed as the fraction of total capital expenditures not financed by internal cash flow; Kintensity i measures capital intensity and is calculated as the log of the real capital per worker in a given industry; Sintensity i proxies the skill intensity in a given industry and is computed as the log of the number of non-production workers divided by total employment. In the robustness checks, we consider additional industry characteristics introduced further below. We interact the above-mentioned industry characteristics with the relevant country/year-specific factors to construct country/industry/year-specific controls χ lit . (32). Column 1 reports a negative and significant relationship between the U.S. offshoring intensity and a foreign country's labor market rigidity, controlling for country, industry, and year fixed effects. In column (2), we add control variables for time-varying foreign countries' characteristics.
Estimation Results
Labor Market Rigidity and Offshoring Intensity
14 The relationship between the U.S. offshoring intensity and the foreign country's GDP per capita appears to be positive but only weakly significant. Yet, the negative coefficient of foreign labor market rigidity remains fairly robust in size and is significant at the level of five percent. These results suggest that, in line with our Proposition 1, U.S. firms tend to offshore less to countries with rigid labor markets.
We now discuss two limitations of the data and explore the robustness of our findings to the appropriate corrections. First, recall that our dependent variable is measured as the ratio of U.S. imports to total U.S. absorption in a given industry. Clearly, this measure potentially contains not only intermediate inputs purchases -which lie at the heart of our theoretical model -but also final good imports. To isolate the intermediate input component of U.S. imports, we follow Antràs (2015) by considering an alternative measure of U.S. offshoring shares using the method developed by Wright (2014 Note that time-invariant country characteristics are fully controlled for via country fixed effects.
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See the data appendix in Antràs (2015) for a detailed discussion of the methodology and its implementation. consist entirely of final goods (e.g., 'Dog and cat food manufacturing'), which explains the drop in observations in column (3). Nevertheless, the relationship between the offshoring intensity and labor market rigidity continues to be negative and significant at the 5% level.
The second limitation of the data is that it does not allow us to distinguish between imports by U.S. headquarters and shipments from foreign headquarters to their U.S. affiliates. Since our theoretical model is set up to characterize the former rather than the latter relationships, we follow Nunn and Trefler (2013) in applying the second (NT) sample restriction. Using information on ownership links from the global database by the Bureau van Dijk, the authors trace all headquarter-subsidiary pairs in which either the headquarter or the subsidiary is from the U.S. and identify five countries for which the share of pairs with a U.S. parent is below 50 percent: Iceland, Italy, Finland, Liechtenstein, and Switzerland.
Arguably, U.S. imports from those countries are driven by shipments from foreign headquarters to their U.S. affiliates and, therefore, are less likely to reflect U.S. offshoring intensity.
As can be seen from column (4) of Table 1 , removing these five countries from the sample has virtually no effect on the coefficient of labor market rigidity.
Although the log-linear specification in equation (32) is standard in the literature, it has a shortcoming of discarding all observations with zero U.S. import flows. Given that 57% of country/industry/year observations for which we have information on foreign labor market rigidity feature a zero U.S. offshoring intensity, this is a serious concern. To correct for a possible selection bias, we follow the approach suggested by Wooldridge (2010) and estimate (for each year t) the following Probit model: Pr(y = 1|x) = Z(xψ), where the binary dependent variable y is equal to one if the U.S. offshoring intensity Y lit in a given year is positive, and zero otherwise. The symbol x stands for a vector of controls containing rigidity lt , rigidity lt × volatility i , industry FE, the vector of country/year covariates X lt from equation (32), and a set of bilateral (gravity) controls X l,U S . These controls are drawn from the CEPII database by Head et al. (2010) , and they include the distance between the U.S. and the foreign country in log kilometers (as a proxy for transportation cost), the time difference in hours, and indicator variables for sharing a common border and the official language (English). In addition, following the approach by Helpman et al. (2008) , we include in X l,U S a measure of religious distance, drawn from Spolaore and Wacziarg (2016) . The idea behind the latter approach is that religious beliefs may affect a firm's decision whether to offshore to a given market. And yet, once the entry decision was made, the choice of how much to source from that country is likely to be independent of religious distance. Given that the religious distance variable is excluded in the second-stage, it contributes to identification. From the above-mentioned Probit regressions we obtain country/industry/year-specific inverse Mills ratios,λ lit , which we add to equation (32) to account for the possibility of a sample selection bias.
As can be seen from column (5) in Table 1 , the coefficient of labor market rigidity slightly increases after sample selection correction but remains significant at the 5% level.
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A quantitative interpretation of our preferred specification in column (7) is that an increase in the labor market rigidity index by one standard deviation is associated with a lower U.S.
offshoring intensity by approximately 1 percentage point.
In columns (6) and (7), we consider alternative compositions of the vector of fixed effects, φ. In particular, column (6) includes industry/year FE (which absorb industry and year FE from column (5)). In so doing, we allow time-specific shocks to vary differentially across
We have further experimented with a log-linear specification along the lines of equation (32) and the dependent variable defined as ln(0.001 + Y lit ), where Y lit includes zero U.S. offshoring shares. In this specification, the size of the coefficient of labor market rigidity drops by an order of magnitude, but remains negative and significant at the five percent level. Given that our theoretical predictions are derived under the assumption of non-zero offshoring intensity (see Assumption 1 and Fig. 1 ), we do not report the results from this alternative specification but provide them upon request.
industries. For instance, firms in some industries may be stronger affected by the financial crisis than in others. Our key variable of interest remains virtually unaffected by this modification. In the second step, we include country/industry FE (which absorb country and industry FE from column (5)). In so doing, we control for a differential effect of timeinvariant country-specific factors across industry characteristics. For instance, the impact of cultural distance on firms' global sourcing decisions may depend on industry-specific factors, such as relationship-specificity or capital-intensity (see, e.g., Gorodnichenko et al., 2018) . As can be seen from column (7), the goodness of fit significantly increases, from R 2 = 0.621 in column (6) to R 2 = 0.934 in column (7). 17 Yet, the coefficient of rigidity lt remains robust in size and significance to this stringent test.
3.3.2 Labor Market Rigidity, Industry Volatility, and Offshoring Intensity Table 2 presents the results from testing Proposition 2 based on equation (33). An important feature of this equation is that it allows for the inclusion of country/year FE, which fully account for all time-varying country-specific characteristics that might confound the role of labor market rigidity. Controlling for country-year and industry FE, we find a negative and highly significant interaction effect of the foreign country's labor market rigidity and the industry-level volatility on the U.S. offshoring intensity, see column (1). That is, in line with the second theoretical prediction, the negative effect of labor market rigidity on offshoring intensity is particularly pronounced in highly volatile industries.
In column (2), we add a set of time-varying country/industry-specific control variables.
The rationale behind the inclusion of these interaction terms is as follows: While the FE in column (1) control for unobservable time-varying characteristics of countries and industries, it is conceivable that country-and industry-specific factors interact in their impact on offshoring intensity. We aim to account for these potential confounding factors by including a set of interaction terms that have been suggested in the empirical literature as important determinants of international transactions. 18 More specifically, rule lt ×specificity i controls for the possibility that a variation in the foreign country's legal institutions may have a differential impact on the U.S. offshoring intensity depending on the degree of specificity of U.S. industries; ln(credit/GDP ) lt ×dependence i controls for a differential impact of the foreign country's financial development on U.S. offshoring in industries that differ in their
17
The number of observations declines with more demanding FE due to a drop in observations that are fully explained by the FE (so-called singletons).
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In particular, previous empirical studies have identified interaction effects between the rule of law and relationship-specificity (Nunn, 2007) , financial development and external financial dependence (Manova, 2013) , capital abundance and capital intensity, as well as skill abundance and skill intensity (Costinot, 2009 ) on international trade. See Nunn and Trefler (2014) for an overview of this literature. degree of external financial dependence; ln(K/L) lt ×Kintensity i and H lt ×Sintensity i control for standard Heckscher-Ohlin effects suggesting that a relatively capital abundant country will specialize (and export) capital-intensive goods, and a human capital abundant country will specialize on the provision of skill-intensive goods. After the inclusion of the abovementioned country/industry/year-specific factors, the coefficient of rigidity lt ×volatility i is reduced in size but remains highly significant, see column (2).
While the results from column (2) are reassuring, one may still be concerned about omitted variables that vary by country/industry/year. 19 To address the remaining concerns related to omitted variables bias, column (3) follows the approach suggested by Levchenko (2007) in adding a full set of interaction terms of GDP per capita, ln(GDPpc) lt , with industry dummies. 20 The rationale behind including these interaction terms in the current paper is twofold. First, recall from Table 1 that ln(GDPpc) lt is the only country-level control variable which retains significance at the 5% level in the most stringent specification of column (7). Second, and perhaps more importantly, given that GDP per capita reflects not only a country's economic well-being but is likely to be correlated with (unobserved) institutional
19
Notice that we cannot fully account for these factors using FE as our main explanatory variable varies by country/industry/year.
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This robustness check has been also exploited by Antràs (2015) in a context similar to our paper.
quality, it serves as a proxy for a country's overall economic as well as its institutional development. Hence, by including the above-mentioned interaction terms, we allow the effect of a country's development on U.S. offshoring intensity to differ arbitrarily across industries.
As can be seen from column (3), the negative interaction effect of the foreign labor market rigidity and the industry volatility remains significant at the one percent level. Furthermore, it remains fairly robust to the Wright and NT sample restrictions in column (4), as well as to the correction for a potential sample selection bias in column (5). 21 Finally, we control for a differential impact of a foreign country's factors depending on industries' characteristics by including country/industry FE. The specification in column (6) effects explains 0.93 percent of country/industry/year variation in U.S. offshoring intensity. The coefficient of rigidity lt ×volatility i drops in size by roughly one half but remains highly significant. Among all country/industry/year controls, only ln(credit/GDP ) lt ×dependence i remains significant in column (6). However, this interaction effect does not allow for a clear interpretation given that its coefficient changes sign from positive in columns (2)- (5) to negative in column (6).
As a further robustness test, we examine additional pathways through which a country's contracting and financial institutions may affect the U.S. offshoring intensity, and thereby confound the role of labor market institutions. To this end, Table 3 augments our preferred specification from column (6) Table 2 by adding further country/industry/year controls using alternative proxies for the contractibility of an industry's goods, constructed using the methodologies suggested by Nunn (2007) , Levchenko (2007) , Costinot (2009), and Bernard et al. (2010) . The proxies are drawn from Antràs (2015) and each of them is interacted with rule lt . 22 Thus, we allow for a differential impact of the foreign country's contracting institutions depending on the degree of contractibility of an industry's goods.
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Furthermore, in column (5) of Table 3 , we interact an industry-level measure of asset tangibility i , constructed according to the methodology suggested by Braun (2002) and drawn from Antràs (2015) , with ln(credit/GDP ) lt . The idea behind this interaction term is that tangible assets can be used as collateral and, hence, firms in sectors with a high asset tangibility will be less affected by financial constraints. Following Manova (2013), we thus allow the foreign country's financial development to differentially affect U.S. offshoring intensity,
21
As before, we verify that our results are robust to an alternative definition of the dependent variable which includes zero offshoring shares, ln(0.001 + Y lit ).
22
Given that the construction of contractibility measures and their justification is discussed at length by Antràs (2015) , our description of these proxies is deliberately brief: contractibility i (Nunn) is calculated as one minus weighted average specificity of the inputs used by a given industry; contractibility i (Levchenko) is the Herfindahl index of intermediate input use; contractibility i (Costinot) is measured as the complexity of the production process, where the latter is captured by the length of time needed for a new worker to be fully trained for a given job; lastly contractibility i (Bernard) is computed as a weighted average of the wholesale employment share of firms importing a particular product.
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To economize on space, we do not report the estimates of control variables from column (6) of Table 2 .
depending on the extent to which firms in a given sector are affected by financial constraints.
Finally, in column (6) of Table 3 , we jointly include all above-mentioned interaction terms.
As can be seen from Table 3 , the coefficient of rigidity lt ×volatility i remains highly robust to the inclusion of additional interaction effects.
Extending our robustness checks, we have further augmented our specification by including alternative country/industry/year controls based on different country-level measures of legal institutions drawn from the World Bank. All of these specifications yield a negative and significant estimated interaction effect of a foreign country's labor market flexibility and an industry's volatility on U.S. offshoring intensity. The results are available upon request.
In summary, the empirical evidence lends strong support for our two theoretical predictions: U.S. firms tend to offshore less to countries with rigid labor markets and this effect is particularly pronounced in industries with a high degree of volatility. This model suggests that (i) an increase in the rigidity of the foreign country's labor market, other things equal, decreases the offshoring intensity in a given industry and (ii) this effect is more pronounced in industries with a higher degree of volatility. Combining data on the U.S. offshoring intensity with measures of labor market rigidity and industry volatility, we find empirical evidence supportive of the model's predictions. Our empirical findings are robust to controlling for unobserved heterogeneity across countries and industries using fixed effects, as well as to correcting for potential sample selection bias.
Our analysis leaves an important question open for future research. In order to focus on the choice between domestic and foreign sourcing, this paper assumes ex ante enforceable contracts. Allowing for incomplete contracts, one must expect the existence of uncertainty to also affect a firm's decision whether to integrate a given supplier into its boundaries or to cooperate with the supplier at arm's-length. Introducing this internalization margin into the current framework and bringing its novel predictions to the data would provide a more comprehensive understanding of the role of labor market rigidity and industry volatility in firms' global sourcing decisions under uncertainty.
A Mathematical Appendix
A.1 Proof of Lemma 1
Taking the first-order derivative of J from equation (16) with respect to A G yields after simplification:
The latter inequality is fulfilled if and only if
> 1, which holds true for all A G > A B , η ∈ (0, 1), and σ > 1.
Using the definition of v from the main text, we have A B = A G (1 − v). Substituting the latter in equation (16) and differentiating the resulting expression with respect to v yields after simplification: 
A.2 Proof of Proposition 1 and 2
To simplify on notation, we employ the following three definitions:
, where (23);
It should be further noted that Assumption 1 implicitly applies ω > J and JΛ > 1.
The first-order derivative of Y from equation (24) with respect to F a reads after simplification:
where the sign of this derivative follows immediately from JΛ > 1 and Ω > Ψ. Similarly, differentiating Y with respect to α yields: 
where
In the following, we prove that Υ > 0 for all permissible parameter values. Taking the first-order derivative of Υ with respect to Ω yields after simplification:
Note that the sign of ∂Υ ∂Ω is equal to the sign of T . To see that T > 0 for all permissible parameter values, note that T is increasing in Ω (since ω > J). Hence, if T is positive for the lowest possible Ω = Ψ, it is positive for all Ω > Ψ. Substituting Ω = Ψ in T yields after simplification:
To establish the sign of T | Ω=Ψ , we first show that X is positive for all permissible parameter values. The first-order derivative of X with respect to ω reads after simplification
, which is strictly positive for all JΛ > 1. Hence, if X is larger than zero for the lowest possible ω = J, it is strictly positive for all ω > J. Substituting ω = J in X yields after simplification X| ω=J = JK(JΛ − 1), which is larger than zero for all JΛ > 1.
Since X > 0 for all permissible parameter values, T | Ω=Ψ is non-decreasing in Ψ. Hence, if
T | Ω=Ψ > 0 holds for the lowest possible Ψ = 1, it holds a fortiori for all Ψ > 1. Evaluating
where the sign of this expression follows immediately from ω > J and JΛ > 1, which jointly implies ωΛ > 1.
So far, we have shown that Υ increases in Ω, i.e., Tables 1, 2 , and 3.
